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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an adaptive 
array antenna controller capable of obtaining a highly rsJUS >M 

reliable antenna control coefficient even in the case of 
being applied to low-speed frequency hopping 
communication. 

SOLUTION: This controller is provided with a phase 
amplitude control circuit 43 for outputting optimized 
reception signals based on reception signals from an 
array antenna 41, an antenna adaptation control circuit 
42 for calculating the antenna control coefficient based 
on the reception signals and the optimized reception 
signals, an antenna control coefficient storage circuit 45 
for storing and outputting the antenna control 
coefficient set for each hopping frequency corresponding 
to the timing of frequency hopping and a coefficient 
changeover control circuit 46 for controlling the transfer 
of the antenna control coefficient among the three 
circuits. For antenna adaptive control., the antenna 
control coefficient is read from the antenna control 
coefficient storage circuit 45 as the initial value of a control coefficient for each hopping 
frequency and is updated and stored in the antenna control coefficient storage circuit 45 as a 
present control coefficient latest value at the time of the end of the hopping frequency. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the adaptive array-antennas control unit which is equipped with the following and 
characterized by for antenna adaptive control by said antenna adaptive control circuit having 
been as initial value of a control factor at the termination time of read-out and hopping 
frequency, and updating and memorizing said antenna control coefficient store circuit to an 
antenna control coefficient as the present control-factor newest value to this antenna control 
coefficient store circuit for every hopping frequency. A phase amplitude-control circuit which 
adjusts and compounds a phase and amplitude of an input signal which are received from array 
antennas which consist of two or more two or more antenna elements which receive an electric 
wave from space, and outputs an optimization input signal A receiver which reproduces a signal 
transmitted by performing timing playback, a recovery, and **** processing based on an 
optimization input signal compounded in said phase amplitude-control circuit An antenna 
adaptive control circuit which calculates an antenna control coefficient which are a phase of said 
antenna element, and the controlled variable of amplitude based on an input signal received from 
said array antennas, and an optimization input signal outputted from said phase amplitude- 
control circuit An antenna control coefficient store circuit which performs storage and an output 
of an antenna control coefficient which carry out hopping, and which are set up for every 
frequency according to timing of frequency hopping supplied from said receiver, Timing which 
synchronized with frame timing extracted in said receiver is supplied to said antenna control 
coefficient store circuit. A coefficient change control circuit which controls delivery of an 
antenna control coefficient between three circuits of said antenna control coefficient store 
circuit, said phase amplitude-control circuit, and said antenna control coefficient store circuit 
according to this timing 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the control unit of the 
adaptive array antennas in the low-speed frequency-hopping communication link which changes 
transmission frequency every dozens symbols especially about digital radio communications. 
[0002] 

[Description of the Prior Art] The example of 1 configuration of the conventional adaptive array- 
antennas receiver is shown in drawing 4 . It connects with the output side of the array antennas 
1 1 which consist of two or more antenna elements (this example two elements), and these array 
antennas 11, and this adaptive array-antennas receiver is equipped with the antenna adaptive 
control circuit 12 where the input signal a of array antennas 1 1 is inputted and the phase 
amplitude-control circuit 13, and the receiver 14 into which the optimization input signal c which 
is an output signal of the phase amplitude-control circuit 13 is inputted, and is constituted. Here, 
the output of the antenna adaptive control circuit 12 is inputted into the phase amplitude- 
control circuit 13 again, and the output of the phase amplitude-control circuit 13 is inputted into 
the antenna adaptive control circuit 1 2. 

[0003] Actuation of the conventional adaptive array-antennas receiver is explained below. The 
input signal a received from the array antennas 1 1 which consist of two or more antenna 
elements (this example two elements) is received with a phase different, respectively and the 
amplitude different, respectively. 

[0004] In the antenna adaptive control circuit 12, the phase of each antenna element and the 
controlled variable (the phase of each antenna element and the controlled variable of the 
amplitude are named generically, and it is henceforth called an antenna control coefficient) b of 
the amplitude are calculated and (the computation of said antenna control coefficient is 
hereafter called adaptation processing) outputted using adaptation algorithm, such as well-known 
CMA (Constant Modulus Algorithm) and LMS (Least Mean Square). 

[0005] An input signal a and the optimization input signal c which is the output of the phase 
amplitude-control circuit 13 mentioned later are used for this adaptation processing. Based on 
such information, by optimizing a certain performance index (for example, if it being the case of 
CMA amplitude error power), adaptation algorithm controls the antenna control coefficient b, and 
obtains the optimal directivity. 

[0006] It is common for the initial value of the antenna control coefficient b used in the phase 
amplitude-control circuit 1 3 to set it as a certain specific antenna control coefficient (for 
example, for other antenna inputs to disregard only one antenna as the maximum gain), and to 
start adaptation processing first, and for the rest to carry out continuation use of the result of 
the before, and to perform continuous adaptation processing. 

[0007] Next, in the phase amplitude-control circuit 13, while outputting the optimization input 
signal c which adjusted and compounded the phase and amplitude of each input signal according 
to said antenna control coefficient b to the antenna adaptive control circuit 12, it outputs also to 
a receiver 14. 

[0008] And in a receiver 14, the recovery and decode processing according to the system to 
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apply are performed, and the transmitted signal is reproduced. Since the beam will be turned the 
optimization input signal c in the direction for which it wishes as a result of signal processing by 
adaptation algorithm, also in the communication environment in which an interference wave and 
an interference exist, the receiving quality in a receiver will become good. 
[0009] In addition, although the case where an adaptive array was used for a receiver was 
explained, even when it uses for a transmitter similarly, the same effect is acquired here. 
[0010] Moreover, there is a frequency-hopping communication link as a way stage of the 
interference evasion in the communication system which exists interference waves, such as 
cellular system. This mitigates the effect of an interference wave by actuation which changes 
the frequency used for a communication link the hopping period (T) of a certain fixed time 
amount (it communicates on the same frequency over two or more symbols in the case of low- 
speed hopping), as shown in drawing 5 . 
[0011] 

[Problem(s) to be Solved by the Invention] However, when it uses combining the conventional 
adaptive arraiy-antennas receiver and low-speed frequency-hopping communication link which 
were mentioned above, as are shown in drawing 6 , and a difference is in a propagation path 
condition and it is shown in drawing 6 (a) with transmission frequency (fO, f1, f2), the ideal 
directivity of an adaptive array changes with each transmission frequency. Therefore, after a 
transmission frequency change, by the time the beam of array antennas is turned to the ideal 
directivity in the following frequency, the delay which flattery takes (there is a degree difference 
with adaptation algorithm) will occur. 

[0012] The direction which the error (control error power) over the ideal value of an antenna 
control coefficient is large, and wishes the beam of an antenna as shown in drawing 6 (b) 
between this flattery actuation is not turned to. In such the condition, received power may 
become small, or an interference wave and the interference may be received more strongly, and 
receiving quality deteriorates remarkably. 

[0013] Moreover, it can emit, without being completed as a suitable value by the antenna control 
coefficient. 

[0014] Furthermore, although there is a method of securing fixed time amount after a 
transmission frequency change as a card space, and interrupting a communication link in order to 
avoid the above troubles, insertion of an excessive guard space has a defect, such as causing 
decline in transmission efficiency. 

[0015] Then, even when it is made in order to solve such a conventional trouble, and it applies to 
a low-speed frequency-hopping communication link, this invention has little delay, and the stable 
antenna control coefficient is obtained and it aims at offering the adaptive array-antennas 
control unit which can hold the good engine performance. 
[0016] 

[Means for Solving the Problem] In a low-speed frequency-hopping communication link which 
performs hopping over between two or more frequency with a period as which this invention is 
determined in the range of one to several 100 symbols in order to solve a technical problem 
mentioned above The phase amplitude-control circuit 43 which adjusts and compounds a phase 
and amplitude of an input signal which are received from the array antennas 41 which consist of 
two or more two or more antenna elements which receive an electric wave from space, and 
outputs an optimization input signal, It is based on an input signal received from said array 
antennas 41, and an optimization input signal outputted from said phase amplitude-control 
circuit. Adaptation algorithm, such as well-known CMA (Constant Modulus Algorithm) and LMS 
(Least Mean Square), is used. A phase of each antenna element, and the antenna adaptive 
control circuit 42 which calculates a controlled variable (antenna control coefficient) of 
amplitude, The antenna control coefficient store circuit 45 which performs storage and an output 
of an antenna control coefficient which carry out hopping according to timing of frequency 
hopping supplied from the exterior, and which are set up for every frequency, Timing which 
synchronized with frame timing extracted in a receiver 44 is supplied to said antenna control 
coefficient store circuit. The coefficient change control circuit 46 which controls delivery of an 
antenna control coefficient between three circuits of said antenna control coefficient store 
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circuit, said phase amplitude-control circuit, and said antenna control coefficient store circuit 
according to this timing, Based on an optimization input signal compounded in said phase 
amplitude-control circuit It is constituted by the receiver 44 which reproduces a signal 
transmitted by performing timing playback, a recovery, **** processing, etc. Antenna adaptive 
control by said antenna adaptive control circuit reads an antenna control coefficient from said 
antenna control coefficient store circuit as initial value of a control factor for every hopping 
frequency. It is at the termination time of hopping frequency, and it updates and is made to 
memorize as the current control-factor newest value to this antenna control coefficient store 
circuit. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is 
explained using drawing. Drawing 1 is the block diagram showing the example of 1 configuration 
of the adaptive array receiver concerning the gestalt of operation. Drawing in which drawing 2 
shows an example of a frame structure, and drawing 3 are drawings explaining actuation of an 
antenna control coefficient store circuit. 

[0018] In drawing 1 an adaptive array-antennas control unit While connecting with the phase 
amplitude-control circuit 43 connected to the array antennas 41 which consist of two or more 
antenna elements, and array antennas 41 The antenna adaptive control circuit 42 connected to 
the output side of the phase amplitude-control circuit 43, The receiver 44 connected to the 
output side of the phase amplitude-control circuit 43, and a receiver 44, the antenna adaptive 
control circuit 42 and the coefficient change control circuit 46 connected to the output side of 
the antenna control coefficient store circuit 45 mentioned later, It has the above-mentioned 
antenna control coefficient store circuit 45 connected to the output side of the antenna 
adaptive control circuit 42. 

[0019] The antenna control coefficient store circuit 45 is equipped with n registers from the 
register 0 connected to the output side of the antenna adaptive control circuit 42 to a register 
n-1, and the output side of a register n-1 is connected to one terminal A of a selector 462 which 
the coefficient change control circuit 46 mentions later. 

[0020] The three output terminals (it corresponds to an output signal T1 - T3) are equipped with 
the antenna control coefficient store circuit 45, a selector 462, and the timing generation circuit 
461 where it connects with latch 463, respectively, and the coefficient change control circuit 46 
is constituted while connecting with the output side of a receiver 44 with the above-mentioned 
selector 462 by which the output side of the antenna adaptive control circuit 42 is connected to 
the other-end child B, and the latch 463 by whom the output side of a selector 462 is 
connected. 

[0021] Hereafter, actuation of the gestalt of operation is explained. The input signal a received 
from the array antennas 41 which consist of two or more antenna elements is received with the 
phase and amplitude which are different by each antenna element. An input signal a is inputted 
into the antenna adaptive control circuit 42 and the phase amplitude-control circuit 43. 
[0022] In the antenna adaptive control circuit 42, based on an input signal a and the optimization 
input signal c which is the output of the phase amplitude-control circuit 43 mentioned later, the 
antenna control coefficient b is calculated using adaptation algorithm, such as well-known CMA 
and LMS, and it is outputted to the coefficient change control circuit 46 and the antenna control 
coefficient store circuit 45. 

[0023] In addition, the initial value of the antenna control coefficient b shall be given as a 
specific value for every n slots corresponding to each different frequency in the frame which 
starts adaptation processing and which is begun No. 1, and adaptation processing continued for 
every n slots corresponding to each frequency is performed after the 2nd frame. 
[0024] The slot which will continue in time if the example of drawing 2 explains (for example, 
between a slot 01 [*1] and a slot 02 [*2], adaptation processing which has a continuity between 
the slots (for example, a slot 02 [*2] and a slot 12 [*3]) which the continuity of adaptation 
processing does not have and use the same different frequency by inter-frame will be 
performed.) 

[0025] Next, in the phase amplitude-control circuit 43, the phase of an input signal a and the 
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amplitude are adjusted and compounded using the antenna control coefficient b calculated in the 
antenna adaptive control circuit 42, the optimization input signal c which it is as a result is 
outputted to a receiver 44, and it feeds back to coincidence in the antenna adaptive control 
circuit 42. 

[0026] In a receiver 44, the signal transmitted by performing recovery, decode processing, etc. 
according to the system which applies the optimization input signal c is reproduced. Moreover, it 
is made to synchronize with the hopping timing detected with well-known frame detection 
technology, and various kinds of clock signals which are needed in the coefficient change control 
circuit 46 mentioned later are supplied. 

[0027] Based on various clock signal f, such as frame timing extracted by means, such as 
detection of a synchronizing signal, in a receiver 44, the timing generation circuit 461 generates 
the register shift signal T1, the selector control signal T2, and renewal timing T3 of a coefficient, 
and, thereby, controls delivery of the antenna control coefficient b by the coefficient change 
control circuit 46 using latch 463, a selector 462, and the antenna control coefficient store 
circuit 45. 

[0028] In the antenna control coefficient store circuit 45, it updates and memorizes serially for 

every slot which carries out the hopping of the newest value of the antenna control coefficient b 

according to the timing outputted from the coefficient change control circuit 46. 

[0029] Hereafter, the delivery control method of actuation of an antenna control coefficient 

store circuit and the antenna control coefficient of a coefficient change control circuit is 

explained. 

[0030] When performing round hopping on three frequency, fO, f 1 , and f2, like drawing 3 
(equivalent to n= 3 all over drawing 1 and drawing 2 drawing), first for example, at the time of the 
hopping timing t1 [*1 of drawing 3 ] The contents of a register in the antenna control coefficient 
store circuit 45 with the depth (this example n= 3) equivalent to the number of the frequency 
which carries out hopping according to a register shift signal [*T1 of drawing 3 , T1 of drawing 
1 ] are shifted (the contents of the register 2 are discarded). The contents of the register 1 are 
moved to a register 2, the contents of the register 0 are moved and used as a register 1 , and the 
newest value fO of the antenna control coefficient b (1) is written in a register 0. 
[0031] By the selector 462 of the coefficient change control circuit 46 interior, a selector output 
is changed to A input at coincidence according to a selector control signal [*T2 of drawing 3 , T2 
of drawing 1 ]. By this, the oldest antenna control coefficient f1 equivalent to the control factor 
at the time of the frequency f1 reception before one (0) will be prepared for the entrance of the 
latch 463 of the coefficient change control circuit 46 interior. 

[0032] Next, in the renewal timing of a coefficient immediately after said actuation termination 
[*2 of drawing 2 ], the antenna control coefficient f1 (0) is written in the latch* 463 of the 
coefficient change control circuit 46 interior, and it is outputted to the phase amplitude-control 
circuit 43. 

[0033] Next, in [*3 of drawing 3 ], according to a selector control signal, the selector 462 of the 
coefficient change control circuit 46 interior changes a selector output to B input, and at the 
time while resulting [ from said renewal timing of a coefficient [*2 of drawing 3 ] ] in the following 
renewal timing of a coefficient [*4 of drawing 3 ], it changes pass so that the direct output of 
the output of the antenna adaptive control circuit 42 may be carried out. Then, the hopping 
timing t2 [*5 of drawing 3 ] holds a selector output with B input. 

[0034] Next, when it becomes the hopping timing t2, after changing a selector output to A input 
side again and writing in the shift of a register, and the newest value f 1 of an antenna control 
coefficient (1), the oldest antenna control coefficient f2 (0) is outputted to the phase amplitude- 
control circuit 43 from the antenna control coefficient store circuit 45. Then, before the following 
renewal timing of a coefficient, a selector output is again changed to B input, and the direct 
output of the output of the antenna adaptive control circuit 42 is carried out. 
[0035] Hereafter, same actuation is performed in each hopping timing [ti (0<=i<=infinity) of 
drawing 3 ]. In addition, it is easy if FIFO (First In First Out) memory is used for realizing the 
antenna control coefficient store circuit 45 by hardware. 

[0036] Moreover, it is [0037], when an equivalent effect is acquired, for example, the example of 



http:/ / www4.ipdl jpo.go jp/cgi-bin/tran_web_cgi_ejje 



2004/02/10 



5/5 ^— v 



drawing 3 explains as the configuration method of another antenna control coefficient store 
circuit 45 also by writing not moving the contents of the register as mentioned above, but 
changing the address of read-out to n registers, and writing in round (□ which is the following 
inside shows the data of register contents). The write-in address in the timing of t1 A register 0 
[fO (1)], A register 1 [f1 (0)] and the write-in address in the timing of t2 A register 1 [f1 (1)], 
[ the read-out address ] A register 2 [f2 (0)] and the write-in address in the timing of t3 A 
register 2 [f2 (1)], [ the read-out address ] A register 0 [fO (1)] and the write-in address in the 
timing of t4 A register 0 [f 1 (2)], [ the read-out address ] the read-out address — a register 1 
[f1 (1)] and the write-in address in the timing of t5 — a register 1 [f2 (2)] and the read-out 
address — a register 2 [f2 (1)] and [0038] It turns out that a next door and the result read are 
equivalent. However, when this method is used, the register holding data is needed between the 
selector input of the coefficient change control circuit 46, and the antenna control coefficient 
store circuit 45. 
[0039] 

[Effect of the Invention] As explained to details above, according to this invention, the effect 
that there is little malfunction to which transmission frequency originates in the change of 
transmission frequency also in the frequency-hopping communication link which changes 
periodically, and it can realize a reliable adaptive array-antennas control unit is done so. 



[Translation done.] 
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ffifflwmft tmizr > T+nmm&MWsm&v 3 -^©11 
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K4 3©tH^fJ0C^5n/cT>^^®f£:*lJU|5|if§4 2 
<b . <4*Bii>fi$iJiailH]SS 4 3 © tB^MSCg^ $ 
20 4 4£, ffH4 4, 7>^ri-mfcM'®®&4 2. RU 
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4 2©tn^WJCC^3ft/cB«^©7>x^flJ®I^^rae«. 
IeIK4 5£^^.-CC^ <> 
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^ n - 1 ©fcb^W^^miJtHlliISS4 6 ©?^®r 5-b 
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*«C. f(D3-5©(il^ (tH^ff^T 1-T 3 JC*t 
IS) A^#x^n7>T-^J®#|{tfa^lHlS84 5. •feUi' 
5462. ^^^463CC^§ftS5^ 5>y^5c|5J 
IES4 6 1 ££it*.r1#/iX3ftTl>S„ 
[002 1 ] JSiT. ^Jfe©?f^©SJlfptCOC»Ti»BJ-r 
Z>. »7>fm«3h57P-/7>ft4 
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>T5>^^ll»§4 6 li05U^X*->:7 Fff^tT 1 . -fe 

[0028] r >y^»w<!fiBfflBttHi84 5 rt*. MR 
ttSMfflniK 4 6 «t 0 w^j ? n * * s > * ccee r t 
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•^*0 [fO (1) ], t AOZA 5>^-C©SiA* 
T Fl^X*JUi>X*0 [ f 1 (2 ) ] . mULT KUX 
*iU^X^ 1 [ f 1 ( 1 ) ] . t 5©*-* 5 >ifC<Dm 
jA^TFUX#l-PX£l [f2 (2) ]. Ktti^TF 
uxa<ut;x£2 [ f 2 (I) ] . 
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